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Where the gamma-rays come from ?

BLR UV Dust IR
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~10'7"18cm @ 18-19
X ~10"'em
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NB: Following Arguments valid for FSRQ-like blazars only
(objects with radiatively efficient disk, BLR emission, no or very weak TeV emission);
NOT FOR HBLs / TeV BLLacs ! 2



s, T Where the gamma-rays come from ?

BLR UV Dust IR

ot e
~10!'7-18ecm 18-19
) ® ~10'%%cm

>

Not too close BH (few Rs): v -vY absorption and reprocessing = o x ~0.9-1

Not too far away (~100pc): problems with fast variability ( < 1-2 days)

3
(e.g. Ghisellini & Madau 1996)



s, ermi Seed photons for Inverse Compton (IC)

BLR UV Dust IR

* e
~10'7-8cm @ 18-19
X ~10"%"em

>

R Lcli{szk ( Bentz et al. 2006 ; Kaspi et al. 2007 )

U,aqg < L/R? ~ const. ~ 10 %erg/cm®

External Compton (EC) onto: UV (~9-10eV) or IR (0.1 eV) (e.g. Ghisellini etal. 2009

Sikora et al. 2009
4
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s, ermi Seed photons for Inverse Compton (IC)

BLR UV Dust IR

o &
~10!7-18ecm 18-19
X ® ~10'%9em

>

R L1/2 ( Bentz et al. 2006 ; Kaspi et al. 2007 )
disk

U aq ~ 10 %erg/cm?®

Basic Oth-order assumptions/approximations:
a) R~ 10" (Laisk,45)"2 cm b) isotropic field (e.g. Ghisellini et al. 2009

c) BlackBody spectrum @9eV d) reprocessing factor n~10%  Sorastal. 2009

)



Energy densities in co-moving frame

Rdiss/RS
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Location determines dominant Uraq, and thus main IC emission
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s, ML Absorption feature by y-y interactions
Gar"ma ray
/ Space Telescope

But: same seed photons are target for gamma-gamma interactions.
The gamma-rays have to pass through a double "wall” of photons

BLR Dust—torus
=9 L L Rl
uv IR
TVJ
‘?’E -10 7 —_Jr~10¢ Optical depth T is high !
. \“ \\\ T Always not negligible (=1),
5 N /\/ even in the minimal case:
- N | | photon path ~ size of
£ L " \‘ / emitting region
a0 '| | ! (typically ~1076 cm)
— || ‘ I,/
‘ /
l /
‘, i Fermi now samples this
o ‘|| T | energy range for the first
-1z 1 10 100 1000 104 time (1-100 GeV rest frame)
Erest frame [GeV]
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s, ey Band >10 GeV: lots of diagnostics !
SGJ"‘"IT?O ray
,. pace |elescope

If EC is the main g-ray emission mechanism: @ ~2-10 GeV (restframe),
additional possible steepening due to Klein-Nishina effects !

w if Lc/Ls~1 or Lc/Ls >>1 & BLR spectrum is broad banded
= cooling of e* in Thomson = steepening

w if Lc/Ls >>1 & BLR is narrow banded = no steepening !

compensated by hardening of the particle distribution when cooling is in KN regime

(e.g. Zidjarski 1989, Dermer et al. 2003, Moderski et al. 2005, Ghisellini et al. 2009)

BLR Dust—torus
-9 R LR LR ror T rorrr
Presence or absence of cut-offs, tells: v IR
= Rugiss < or > RpLr A
“.’E -10 RN \ - R~100
© \\ \\ \ /// |
= intensity of cutoff gives an estimate of the & A
. Y \ I 7
photon path inside the BLR S _uf ', | i
— |‘ ‘ I/l
= which EC is viable: UV or IR photons | L
-12 Lol TR TT] B :llllllll ] ....L.l AI.
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@ emi Target selection: FSRQ detected >10 GeV

C-J" na-ray
pace Q

LAT sky above 10 GeV
Goal: sources with enough photons >10 GeV to see possible spectragl features
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@ emi Target selection: FSRQ detected >10 GeV

Gamma-ay

>

1849+670
2 095745522
0917+448
1520+314 - - 1310+3233 "

0907+230
3Ca454.3 . (%)

) 1502+106
. D) 1016+0512

02154015

2023-073 1% 1510-:089 3?§f9 0727-134

04594239

1454-354

We found and analyzed 16 objects. All sources in the preliminary 1-year AGN

catalogue, under development by the LAT team. 0
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s, L LAT data analysis

Gamma-ray
Space Telesc ope

”

 Science Tools vIr15p5

e E>200 MeV , ROI of 7 deg. from region of 12 deg.

e All sources from 1-year catalog inside the 12 deg region included.
 Maximum likelihood fit in each energy bin

 Obtained Spectra: average from 11-months exposure

 All analyses preliminary !!

Notes:
* All plots have Energy axis in REST FRAME energies

« EBL absorption not (yet) relevant at these energies and redshifts
(for most realistic, recent calculations, e.g. Primack, Franceschini)

LAT Spectra by Andrea T.
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‘@, ermi No evidence of strong BLR cut-offs !
/ SouToion

T can be very high (~10 .£17), if inside the BLR, and yet:

the sources that do show possible absorption, only moderate (T ~1.5-3)

PKS 0454-234 z=1.003 PKS 1502+106 z=1.839
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s, ey No evidence of strong BLR cut-offs !

Gar"ma ray
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With tau =3 (path a few 10'° cm), absorption would already be too strong:

LAT spectra: original, observed ; BLR de-absorbed

PKS 0454-234 z=1.003 PKS 1502+1068 2z=1.839
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s, T No evidence of strong BLR cut-offs !

Gamma ray

/' Space Telescope

Spectra seems compatible with presence of but minimal absorption
(~10'% cm, i.e. Rudiss = Rorr)

PKS 0454-234 z=1.003 PKS 1502+1068 2z=1.839
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s, P Extrapolation of low energy spectrum

Gar"ma ray

/" Space Telescope

Minimal absorption agrees with shape of the spectrum determined
in the low-energy band (e.g. log-parabola; similar for power-law)
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Also NO evidence of absorption at all !
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s e Also NO evidence of absorption at all !
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Even in quite powerful objects, with large BLR !
PKS 1454-354 2z=1.424 RGB J0920+4486 z=2.190
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s e Also NO evidence of absorption at all !

Clar"ma ray
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Even in quite powerful objects, with very large BLR !

PKS 1454-354 2z=1.424 RGB J03920+448 z=2.190 w
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s, P Sources with possible high absorption
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Selection effect. FSRQ with very strong cutoff at 20-30 GeV rest frame,
are likely not yet detected >10 GeV

Longer LAT exposures will tell which ones present a strong cutoff
(by decreasing the high-energy upper limits on the bright sources )
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e Variability
— different zones in time, inside or outside BLR

— absorption features can come and go (should be present during fast
flares, =1-2 days; if compact means closer to BH )

— answers from temporal clustering of high energy photons
NB: expected anti-correlation F>10 GeV vs F<10GeV !l

e Geometry of BLR region
— if flattened onto accretion disk (e.g. Gaskell 2009) = anisotropic angle
— Etnreshold Of y-y can be shifted at higher energies
(e.g 25 deg = 10x shift of y-y threshold)

— This affects EC mechanism as well (lower energy density, redshifted vext).
EC(UV) might not be so efficient (though it is a way to avoid KN effects)

e Statistics

— still very few photons at highest energies (typically 2-10); results to be
confirmed in next months/year with 2x exposures

20
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T

Important diagnostics/checks from the band >10 GeV

Fermi is providing indications that the Blazar-zone for several
FSRQ, on average, must lie beyond the BLR! (~1078 cm)

= variability implications (longer timescales, mm-transparent ??)

The Fermi blazar-zone divide: dissipation appears to occur both
inside and outside the BLR.

— Fermi can discriminate on a source-by-source and epoch-by-epoch basis !

The absence or presence of absorption/cut-off features constrain
the target field to be used for External Compton:
not a free choice anymore

Objects with strong cut-offs (well inside the BLR) should be
uncovered more clearly as exposure increases
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The case of 3C 279
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